Abstract: A convenient synthetic approach to derivatives of 2-trichloromethyl and 2-dichlorometylene-2H-1,3-benzoxazines, based on intramolecular heterocyclization of readily accessible N-(α-aryloxytrichloroethyl)imidoyl chlorides, was developed. Base induced dehydrochlorination of 4-phenyl-or 4-trifluoromethyl-2-trichloromethylbenzoxazines allows preparation of 2-dichloromethylene-1,3-benzoxazines, whereas dehydrochlorination of 4-fluoromethyl analogs under similar conditions is accompanied by formal 1,5-H-shift to afford respective 2-dichloromethyl-4-fluoromethylene-1,3-benzoxazines.
Introduction
2H-1,3-Benzoxazines are of interest in medicine and material sciences. Specifically, they are useful as antiinflammatory agents [1] , photochromic substances [2] and photofading-preventive materials [3] . Derivatives of 1,3-benzoxazines I-III ( Figure 1 ) are effective potassium channel regulators and are candidates as therapeutic agents for hypertension, angina pectoris, asthma and urinary incontinence [4] [5] [6] [7] . 2,3-Disubstituted-1,3-benzoxazines show fungicidal activity [8] . Compounds incorporating hydrogenated benzo[e] [1, 3] oxazine or naphtho[2,1-e] [1, 3] oxazine fragment have been reported to show significant antimicrobial and cytotoxic activities [9] . A benzoxazinone fragment is considered a pharmaceutically privileged scaffold [6 and references cited therein]. 2H-1,3-Benzoxazines bearing a chloroalkyl group at the C-2 atom, to the best of our knowledge, have not been described so far. The importance of the CCl 3 group in natural biologically active products and synthetic molecules has been noted [10, 11] . Existing synthetic approaches to 1,3-benzoxazines have limitations and drawbacks [4, 6, 7] . Specifically, synthesis of benzoxazines from 2-hydroxyphenylketones involves generation of unstable N-H ketimines as key intermediates [7] ; methods based on the use of salicylamides, ortho-hydroxybenzylamines [12, 13] , or 1-chlorotrifluoroethylisocyanates [14] are limited to the synthesis of benzoxazin-4-ones. Recently reported method, utilizing oxidative C-O bond formation, requires synthesis of 1-(aminoalkyl)-2-naphthols or 2-(aminoalkyl)phenols and is limited to compounds incorporating 1,3-benzoxazine moiety in a complex condensed heterocyclic system [15] . Thus, elaboration of new synthetic methods for construction of a 1,3-benzoxazine skeleton remains a challenging task.
Results and discussion
We report a novel synthesis of 2H-1,3-benzoxazines with trichloromethyl group at the C-2 atom, based on readily accessible N-(α-aryloxytrichloroethyl)imidoyl chlorides (1). Thus, imidoyl chlorides 1 on heating in polyphosphoric acid (PPA) or in the presence of AlCl 3 (Lewis acid) undergo intramolecular heterocyclization ('intramolecular imidoylation') to afford benzoxazines 2 in 30-80% yields (Scheme 1). Apparently, electrophilic attack of the imine carbon atom on the ortho position of the benzene ring in imidoyl chlorides 1 is favored by electron-releasing mesomeric effect of the alkoxy substituent (Scheme 1). The presence of the electron-donating Me group(s) in O-benzene ring is beneficial for ring closure, whereas the electron-withdrawing C-4 fluorine atom in 1b (which is in meta position to the reactive center) retards heterocyclization and reduces the yield of the respective oxazine 2b. Heterocyclization of the dimethyl substrate 1e proceeds regioselectively, with the involvement of a sterically less hindered C-6 atom of the oxybenzene ring. Remarkably, imidoyl chlorides with various substituents at the imine carbon atom are apt to heterocyclization expanding the scope of the reaction and allowing variation of substituents in the benzene and oxazine rings. Thus, benzoxazines with phenyl, methyl, fluoromethyl or trifluoromethyl group at C-4 atom are readily accessible by this approach. The simple preparative access to benzoxazines bearing a fluorine or trifluoromethyl substituent is of special importance, when taken into consideration that incorporation of a fluorinated group in organic molecules often imparts a variety of useful properties, including enhanced binding interactions in a biological system, metabolic stability and better performances of synthetic materials [16] [17] [18] [19] [20] [21] .
It is interesting to note that in the AlCl 3 -catalyzed cyclization of fluoroacetimidoyl chloride 1g, the formation of a small amount (~5%) of 4-chloromethyl-6-methyl-2-trichloromethyl-2H-1,3-benzoxazine (2h, R = CH 2 Cl, R′ = Me, R″ = H; Scheme 1) was also detected and confirmed by analysis of 1 H and 13 C NMR spectra. Unexpected formation of compound 2h can be accounted for by the AlCl 3 -promoted chlorine-fluorine exchange in starting fluoroacetimidoyl chloride 1g under the reaction conditions.
The developed methodology enables also the synthesis of more complex condensed systems incorporating the benzoxazine fragment as illustrated in Scheme 2.
Promotion of intramolecular heterocyclization in Schemes 1 and 2 by AlCl 3 or PPA catalyst is connected most likely with generation of highly electrophilic iminium A and nitrilium B type intermediates that undergo electrophilic attack on the activated ortho-position of the aryloxy substituent (Scheme 3). A similar pattern has been reported previously for the preparation of dihydroisoquinolines from N-(2-arylethyl)imidoyl chlorides by the Bischler-Napieralski reaction [22] .
To the best of our knowledge, 1,3-benzoxazines bearing a trichloromethyl group in the oxazine ring have not been reported so far. The presence of an electronwithdrawing CCl 3 group in compounds 2 increases C-H acidity of the neighboring carbon atom, offering additional synthetic opportunities. Thus, in the presence of base, such as triethylamine or DBU, benzoxazines 2a-d and 4 readily undergo dehydrochlorination to afford the respective 2-(dichloromethylene)-2H-oxazines 5a-d and 6 (Scheme 4). Compounds 5 and 6 are the first representatives of benzoxazines with 2-dichloromethylene group.
At the same time, reactions of benzoxazines 2f,g with a methyl or fluoromethyl group at the C-4 atom, under the same conditions afforded the respective 4-methylene or 4-fluoromethylene substituted 6-methyl-2-dichloromethylbenzoxazine 7a,b, apparently resulting from the formal 1,5-hydrogen shift in the primary dehydrochlorination products C (Scheme 5). Obviously, the driving force for the prototropic isomerization C → 7 is the formation of the energetically more favorable conjugated system C=NC=C. Noteworthy, proton shift in CH 2 F-substituted compound 2g proceeds stereoselectively affording mainly the E-isomer of 7b (E/Z ~ 10:1). The assignment of geometry was based mainly on comparison of the value of a coupling constant between C-4 and fluorine nuclei in the 13 C NMR spectrum ( 2 J CF = 9 Hz for E isomer) and the relative chemical shifts of =CHF in 1 H NMR spectrum (δ = 6.58, 2 J HF = 76.3 Hz; δ = 7.11, 2 J HF = 78.8 Hz for E-and Z-isomers, respectively), with our previous data for isomeric fluorovinylamides [23] . For the Z configuration, the value of the 2 J C-4,F constant would be expected in the range of 30-40 Hz [23] .
The starting imidoyl chlorides 1 and 3 were prepared according to Scheme 6. Readily accessible hydroxyamides 8 were converted into chlorides 9 [24, 25] . The latter species were allowed to react with the respective phenols in the presence of triethylamine to afford N-(α-aryloxytrichloroethyl)amides 10. Reaction of amides 10 with phosphorus pentachloride or the Ph 3 P-CCl 4 system led to the desired imidoyl chlorides 1 and 3.
The spectral and analytical data of compounds 2 and 4-6 are in full agreement with their structures. In particular, analysis of APT 13 C NMR spectra of 2 and 5 confirm quaternary character of the C-4a atom involved in cyclization. The couplings of the C-5 atom of fluorine-containing products 2d,g and 5d (δ C = 125.5-125.9, 4 J CF = 2-5 Hz) and C-4 atom of 5b (δ C = 160.2, 4 J CF = 2 Hz) indicate clearly the annelation of imino carbon atom with the phenoxy ring. The signal of the proton in the C-N=C triad of the benzoxazine system in compounds 2 and 4 is substantiated by the characteristic chemical shifts of sp 3 C-2 and sp 2 C-4 atoms (δ C = 93.9-94.7 and 155.6-167.8, respectively) and low-field resonance of the respective 2-C-proton (δ H = 5.9-6.4). In addition, the signals of C-4 atoms of compounds 2d and 2g reveal themselves in the 13 C NMR spectra as characteristic multiplets (155.6 ppm, 
Conclusions
A simple synthesis of 2-trichloromethyl-and 2-dichlorometylene-substituted 6-aryl-2H-1,3-benzoxazines, based on intramolecular heterocyclization of readily accessible N-(α-aryloxytrichloroethyl)benzimidoyl chlorides, catalyzed by Lewis (AlCl 3 ) or Bronsted (PPA) acid, was developed. Remarkably, imidoyl chlorides with various substituents at the imine carbon atom are apt to heterocyclization expanding the scope of the reaction and allowing variation of substituents in the benzene and oxazine rings. Benzoxazines with aryl, methyl, fluorine, fluoromethyl, trifluoromethyl, trichloromethyl, dichloromethyl, methylene, fluoromethylene and dichloromethylene groups are readily accessible by this approach. The simple preparative access to benzoxazines bearing fluorinecontaining substituents is of special importance because incorporation of a fluorinated group in organic molecules modulates their pharmacological properties. [26] , 8b,d [27] , 9a [28] , 9c [29] , 9d [30] have been described previously.
Experimental

General procedure for the preparation of imidoyl chlorides 1a-c,e
A mixture of the appropriate amide 10 and a 5% molar excess of PCl 5 was heated at 100-110°C for 1 h. After removal of POCl 3 , the residue was distilled under reduced pressure (1a-c) or used in subsequent synthesis without purification (1e). of 1,3-benzoxazines 2a-g and 4 Method A A mixture of the imidoyl chloride 1a-d, 1d-g (1 mmol) and AlCl 3 (0.27 g, 2 mmol) in dichloroethane (5 mL) was stirred at room temperature for 24 h. The mixture was poured into ice water (15 mL), extracted with CH 2 Cl 2 , dried over MgSO 4 and crystallized from ethanol (2b,e) or purified by column chromatography (silica-gel, hexane-EA, 9:1) (2d,f,g). Compound 4 was obtained from imidoyl chloride 3.
N-(2,2,2-
General procedures for the preparation
Method B A mixture of the imidoyl chloride 1a-c (1.5 mmol) and PPA (2.5 g) was heated at 80-100°C for 0.5 h and then at 130-140°C for 0.5 h. After cooling, the mixture was poured into ice water. The precipitated product was separated by filtration and washed successively with water, aqueous NaHCO 3 , and water. Analytically pure sample was obtained by crystallization from ethanol. 
4-Phenyl
General procedure for the preparation of 2-dichloromethylenebenzoxazines 5a-c and 6
A solution of the benzoxazine 2a-c or 4 (0.5 mmol) and DBU (0.08 g, 0.5 mmol) in chloroform (2 mL) was allowed to stand at room temperature for 6 days. The solvent was evaporated under reduced pressure. The solid residue was triturated with water, filtered and crystallized from aqueous ethanol (1:1). -6-fluoro-4-phenyl-2H-1,3- 
2-Dichloromethylene
